The efficacy and safety of misoprostol alone for missed abortion varied with different regimens. To evaluate existing evidence for the medical management of missed abortion using misoprostol, we undertook a comprehensive review and meta-analysis. The electronic literature search was conducted using PubMed, the Cochrane Library, Embase, EBSCOhost Online Research Databases, Springer Link, ScienceDirect, Web of Science, Ovid Medline and Google Scholar. 18 studies of 1802 participants were included in our analysis. Compared with vaginal misoprostol of 800 ug or sublingual misoprostol of 600 ug, lower-dose regimens (200 ug or 400 ug) by any route of administration tend to be significantly less effective in producing abortion within about 24 hours. In terms of efficacy, the most effective treatment was sublingual misoprostol of 600 ug and the least effective was oral misoprostol of 400 ug. In terms of tolerability, vaginal misoprostol of 400 ug was reported with fewer side effects and sublingual misoprostol of 600 ug was reported with more side effects. Misoprostol is a non-invasive, effective medical method for completion of abortion in missed abortion. Sublingual misoprostol of 600 ug or vaginal misoprostol of 800 ug may be a good choice for the first dose. The ideal dose and medication interval of misoprostol however needs to be further researched.
Missed abortion is defined as unrecognized intrauterine death of the embryo or fetus without expulsion of the products of conception. It constitutes approximately 15% of clinically diagnosed pregnancies 1 . Women experiencing a missed abortion may have no self-awareness due to the lack of obvious symptoms.
With around 95% success rate, surgical evacuation is regarded as the standard treatment for missed abortion, which had been widely performed all over the world in the past 50 years 2 . However, the costs of surgery and hospitalization, as well as the complications associated with surgery and anaesthesia are a major unresolved concern. Besides infection and bleeding, decreased fertility caused by intrauterine adhesions may be unacceptable for women with missed abortion, who have not yet fulfilled their motherhood desires. Some studies have thus suggested that expectant or medical management might be more suitable instead of surgical evacuation 3, 4 . Expectant management has been reported with unpredictable success rate ranging from 25-76% [5] [6] [7] . Waiting for spontaneous expulsion of the products of conception would waste much time, during which women may suffer uncertainty and anxiety 5 . When additional surgical evacuation is needed owing to failure, they may suffer from an emotional breakdown. It is thus not recommended for missed early miscarriage due to the risks of emergency surgical treatment and blood transfusion 8 . Misoprostol is a synthetic prostaglandin E1 analogue which was originally developed to prevent non-steroidal anti-inflammatory drugs related gastric ulcers. However it has been used for various other indications in obstetrics and gynaecology. Medical management using misoprostol or combined with mifepristone for missed abortion had been widely researched [9] [10] [11] [12] [13] . Some studies have reported that medical treatment with mifepristone and misoprostol in women with missed abortion would increase the incidence of excessive bleeding [11] [12] [13] . Apart from this, mifepristone is more expensive which will add to unnecessary expenses.
The efficacy and safety of misoprostol alone for missed abortion was established in many studies [14] [15] [16] [17] . However, route of administration of misoprostol and success rates varied among the studies. It could be given by oral, sublingual or vaginal, while the doses ranged from 100 micrograms to 800 micrograms (NICE) 20 . However some studies reported converse opinion, by pointing out that a lower dose or different routes of misoprostol may be equally effective 21, 22 . So we evaluated the existing evidence for the medical management of missed abortion using misoprostol, with the hope of finding alternate suitable management strategies for surgical termination, which must be highly effective and with fewer side effects.
Results
Literature Search. Overall, 1735 articles were identified by the search and 48 potentially eligible articles were retrieved in full text. Of these articles, 35 were excluded for reasons shown in Fig. 1 . The remaining 13 articles met our predefined inclusion criteria. Most of studies compared vaginal route of misoprostol with sublingual or oral route while only one study compared sublingual route with oral route (Fig. 2A) . When it turned to a network meta-analysis, another five articles which compared misoprostol with different doses in the same route were also included in our work. The network diagram of all included studies is shown in Fig. 2B .
Study Characteristics. In all, 18 studies of 1802 participants, published between 1999 and 2016, were included in our analysis. The primary characteristics of the studies are tabulated in Supplementary Table S1 . Most of the studies were form India and Thailand. The maximum gestational age of participants in all the studies ranged from 8 weeks to 13 weeks, except one study which reported the outcomes separately according to different trimesters 23 . Interventions in the groups varied in terms of routes, doses and medication intervals and we used the first dose to classify them. In most of studies, complete abortion was defined as complete expulsion of the products of conception without surgical intervention. However in four studies, a less than 15 mm intrauterine tissue diameter on ultrasound scan was taken as the cutof f [24] [25] [26] [27] , while one research adopted the criterion for endometrial thickness less than 10 mm 28 . Not all trials reported the same outcomes, especially for the follow-up time. A complete abortion rate within about 24 hours (24 to 28 hours) was mostly mentioned. We calculated it as our primary outcome. There was insufficient data to evaluate for complete abortion rate within 12 hours, 48 hours or 7 days.
For the reported side effects, we could only compare the incidence of nausea or vomiting, diarrhoea and fever. There was insufficient data to analyze other side effects. The mean time taken to abortion was difficult to evaluate due to different follow-up time. For each outcome we have indicated the number of trials contributing data to the network meta-analysis ( Fig. 2C and D) . Complete abortion rate within about 24 hours of any intervention and side effects of all the interventions in the analysis are presented in Supplementary Table S2. Risk of bias was summarized in Supplementary Table S3 . It was categorized the risk of bias as unclear when no related information reported could be used. Most of the included trials described adequate randomization processes; however most of them were assessed as having an unclear risk of bias for allocation concealment and blinding.
Meta-analysis.
The results of the network meta-analysis for the outcomes are presented as forest plots in Fig. 3 . Compared with vaginal misoprostol of 800 ug, lower-dose regimens (200 ug or 400 ug) by any route of administration tend to be significantly less effective in producing abortion within about 24 hours. Similar results can be seen in another comparison with sublingual misoprostol of 600 ug. For the comparison between the two regimens, there is no significant difference (RR 1.01, 95% CI 0.86 to 1.19) . For the same dose of 600 ug, administration by vaginal route seems to be less effective than sublingual route, however it is not significant (RR 0.81, 95% CI, 0.65 to 1.01). For vaginal misoprostol, doses of 600 ug and 800 ug have no significant differences in producing miscarriage within about 24 hours (RR 0.82, 95% CI 0.63 to 1.07). In the analysis of main side effects, significant difference could be seen only in the comparison of vaginal and sublingual misoprostol of 400 ug (RR 0.54, 95% CI 0.32 to 0.90). For the same dose of 600 ug, administration by vaginal route seems to accompany with fewer side effects than sublingual route, which is not significant again (RR 0.49, 95% CI, 0.22 to 1.06). In detailed comparison for nausea or vomiting, there were no significant differences observed amongst all the regimens (Supplementary Figure S1 ). For the incidence of diarrhoea, sublingual route seems to be more common than vaginal route with same doses of 600 ug and 400 ug (Supplementary Figure S2) . For the incidence of fever, sublingual route also seems to be more common than vaginal or oral route with a same dose of 400 ug (Supplementary Figure S3) . Tests of consistency showed that there was no difference between the direct and indirect estimates in all close loops in the analysis of complete abortion rate (Supplementary Figure S4) . The comparison-adjusted funnel plots of the network meta-analysis for complete abortion rate were not suggestive of any publication bias or small study effect (Supplementary Figure S5) . The percentage contribution of each direct and indirect comparisons is presented as a table in Supplementary Figure S6 . Inconsistency could be seen in a close loop (sublingual misoprostol of 600 ug, vaginal misoprostol of 600 ug and 800 ug) in the analysis of main side effects (Supplementary Figure S7) . It was due to the inconsistency in the analysis of nausea or vomiting (Supplementary Figure S8) . No publication bias or small study effect was found in the analysis of main side effects (Supplementary Figure S9) . The results of sensitivity analyses of complete abortion rate were shown in Supplementary Table S4. In the first sensitivity analysis we excluded one study in which gestational age of the participants was below 8 weeks while in the second we excluded another study in which complete abortion was defined as complete expulsion of the products of conception and endometrial thickness <10 mm. The results were robust for the two sensitivity analyses. When we excluded studies in which only single dose of misoprostol was used in both groups, pre-existed significantly differences disappeared and some of the confidence intervals were wide and across the null line. We reviewed studies related in the close loop with inconsistency, it was impossible to exclude any study for a reasonable argument. In the sensitivity analysis excluding studies with only single dose of misoprostol, the significant difference between vaginal and sublingual misoprostol of 400 ug still existed (Supplementary Table S5 ).
The ranking of interventions based on cumulative probability plots and surfaces under the cumulative ranking curve (SUCRAs) is presented in Fig. 4 . In terms of efficacy, the most effective treatment was sublingual misoprostol of 600 ug and the least effective was oral misoprostol of 400 ug. In terms of tolerability, vaginal misoprostol of 400 ug was reported with fewer side effects and sublingual misoprostol of 600 ug was reported with more side effects.
Discussion
This network meta-analysis represents the most comprehensive synthesis of data for medical treatment using misoprostol for missed abortion. It was found that higher-dose regimens were associated with higher complete abortion rate and more sides effects. Sublingual misoprostol of 600 ug or vaginal misoprostol of 800 ug as the first dose was more effective in producing complete abortion within about 24 hours. However the superiority decreased with multiple doses. It could be explained that a single high-dose of misoprostol might have produced complete abortion in most of women [29] [30] [31] . If multiple doses were given, more women with lower-dose misoprostol would convert into complete abortion, which was confirmed by Kovavisarach 30 . We found that the least effective treatment was the oral misopristol of 400 ug. It was due to the liver first-pass effect which greatly reduced the bioavailability of the drug. Alternative routes of administration like vaginal and sublingual avoid the liver first-pass effect because they allow drugs to be absorbed directly into the systemic circulation. Ranking of all the interventions in network meta-analysis. Information of ranking is located at the intersection of the column-defining outcome and the row-defining intervention; The number in the first row is the ranking of all the interventions; The first number below in brackets is the surface under the cumulative ranking curve (SUCRA) while the second is the probability of the intervention to be the best.
Side effects were most likely to appear in sublingually or orally administered misoprostol. A low dose vaginal misoprostol was reported with the fewest side effects, accompanied by low complete abortion rate 32 . Compared with vaginally or orally administered misoprostol, sublingual misoprostol of 600 ug or 400 ug was associated with more frequent diarrhoea and fever. It was due to the pharmacokinetics of misoprostol, which showed that sublingual misoprostol had the shortest onset of action, the highest peak concentration and greatest bioavailability among the routes of administration 33 .
Vaginal misoprostol of 800 ug was recommend for missed abortion by National Institute for Health and Care Excellence(NICE) and some clinical guidelines 8, 20 . The results of our meta-analysis lead support to this regimen for medical treatment of missed abortion, however the question of whether sublingual misoprostol of 600 ug is better raises. Apart from this, the incidence of side effects reported was still higher than we expected for these regimens. A variety of methods were researched to increase the efficacy of misoprostol in order to reduce the dose. Some studies discussed the administration of different types of misoprostol, such as gel form and powder form, however the efficacy was not improved 34, 35 . Some studies discussed the efficacy of moistened misoprostol by acetic acid or normal saline, conclusion was made that vaginal misoprostol either moistened with normal saline or acetic acid was comparable in terms of efficacy and adverse effects [36] [37] [38] . Some studies reported different methods to combine misoprostol with laminaria tents or castor oil, however these studies did not focus on the efficacy of these methods to produce abortion for women with missed abortion 39, 40 . Limited articles could be found about the efficacy and tolerability of sublingual or oral misoprostol of 800 ug which made us difficult to evaluate. Only in one study it was compared with vaginal misoprostol of 800 ug, the authors found that sublingual misoprostol was as effective as vaginal misoprostol and most side effects were similar in both groups, but heavy bleeding was more common in the sublingual group 41 . Two studies reported that oral misoprostol or vaginal of 800 ug was comparable in terms of efficacy while more side effects were reported in oral misoprostol of 800 ug in one study 42, 43 . Further research on the efficacy and tolerability of sublingual or oral misoprostol of 800 ug is needed. At present, these regimens should not be regarded as the first-line of medical treatment of missed abortion.
In our work, complete abortion rate was calculated within about 24 hours. Seldom studies reported complete abortion rate within longer follow-up time, they suggested follow-up care to be offered one week following drug administration to ensure the highest success rate [43] [44] [45] . Due to the limited amounts of studies, it is difficult to draw any conclusions. The security of waiting at home needs further researched, especially for the incidence of excessive bleeding. For women needed emergency operation, cervical ripening was prepared due to the medical treatment and it is convenient to perform dilatation and curettage 24, 26 . Despite the foregoing advantages, serious consideration should be given to the contraindication before planning for medical treatment for women with missed abortion. A missed early miscarriage (<14 weeks of gestation) should be defined by ultrasound findings and suspected ectopic pregnancy must be excluded. Women with unstable hemodynamics, signs of pelvic infections or sepsis also need to be excluded. Detailed medical histories, including the distance between home and hospital, past medical history, previous surgical history, allergic history, medication history, should be recorded. Medical treatment can only be considered in women without following contraindications: known allergy to misoprostol, previous caesarean section, mitral stenosis, hypertension, glaucoma, bronchial asthma, use of non-steroidal drugs and remote areas without hospital around.
All women must be informed of the advantages and disadvantages of surgical and medical treatment. For women who choose medical treatment, hospitalization is not necessary, but the follow-up period will be more important. Pain killers and anti-emetics, such as paracetamol and metoclopramide, should be offered to them as needed 20 . All women should be advised to contact the doctor in case of heavy bleeding or signs of infection. A follow-up visit is recommended to perform within 2 weeks after treatment. Pregnancy test, physical examination of the uterus, and ultrasound should be performed to confirm the status of abortion. In the event of failure, surgical management maybe needed.
One of the strengths of our study is the inclusion of only randomized clinical trial data in a specific population (i.e., women with missed abortion of no more than 14 weeks of gestation). Our meta-analysis included all studies published so far on this topic and statistical tests showed no significant potential publication biases. The protocol of this review was registered on the International Prospective Register of Systematic Reviews before the selection of articles.
Limitations of this analysis are obvious. For a net-work meta-analysis, only 18 studies were included in this analysis which might affect the accuracy of the results. For this reason, comparisons could not be performed for some results. Most of the included studies were not double blind. This was therefore a considerable source of bias that may have affected treatment or performance of these women. We classified the interventions according to the first dose, however it is obvious that different max doses or medication intervals will affect the results.
The relation between max doses or medication intervals with complete abortion rate or side effects need to be further researched. Another remaining question is whether there are methods to reduce the incidence of side effects when treated with misoprostol. Further studies should focus on the quality of trails, especially for the blinding of participants and researchers.
In conclusion, misoprostol is a non-invasive, effective medical method for completion of abortion in missed abortion. Sublingual misoprostol of 600 ug or vaginal misoprostol of 800 ug may be a good choice for the first dose. The ideal dose and medication interval of misoprostol however needs to be further researched.
Methods
Search strategy and selection criteria. For this meta-analysis, we searched PubMed, the Cochrane Library, Embase, EBSCOhost Online Research Databases, Springer Link, ScienceDirect, Web of Science, Ovid Medline and Google Scholar for randomized controlled trials (RCTs) published from the date of database inception to August 15th, 2016, comparing different routes of administration of misoprostol in the medical management of missed abortion. We also searched some related journals. No language or publication type limits were applied. The reference lists of selected articles were hand searched to identify any relevant articles. Study authors were contacted to supplement incomplete reports of the original papers. Detailed search strategy can be found in Supplementary Table S6 .
Considering the gestational weeks available for surgical evacuation, women with missed abortion of no more than 14 weeks of gestation who received misoprostol treatment were assessed for inclusion into our meta-analysis. Women with incomplete abortion, threatened abortion or excessive uterine bleeding were excluded. Studies involving medical management with both mifepristone and misoprostol were also excluded.
We considered complete abortion rate for our primary analyses. Complete abortion was defined as complete expulsion of the products of conception without surgical intervention. Our secondary outcome was the side effects of misoprostol reported. The mean induction-abortion time would be also analyzed, if applicable.
Data extraction and quality assessment. Two researchers (H-L.W. and P.W.) performed their own search independently. Data extraction and check for accuracy were resolved by other two researchers (Q-M.W. and X.-W.C.). Duplicate or irrelevant articles were excluded by screening of titles and abstracts. All remaining articles were screened in full text. Relevant information from the included trials was extracted with a predefined data extraction sheet. All researchers assessed the risk of bias independently according to the Cochrane Handbook for Systematic Reviews of Interventions 46 . Specifically, attention was focused on seven domains, i.e., random sequence generation, allocation concealment blinding of participants and personnel, blinding of the outcome assessments, incomplete outcome data, selective reporting and other biases. The review authors' judgments were categorized as low risk, high risk, or unclear risk of bias. We categorized the risk of bias as unclear when no reported information could be used. The article was reviewed and revised by another researcher (S.M.). Any discrepancies were resolved by discussion within the review team.
Statistical analysis. This study was registered with PROSPERO, number CRD42016046221. The full dataset is available online. After screening of the articles, we found the interventions in included articles were so varied in both the routes and doses of misoprostol that we could not carry out a direct comparison. We chose to perform a network meta-analysis instead. The strategies for data synthesis remained unchanged and the predefined analysis of subgroups with different doses was cancelled.
This network meta-analysis used all the available evidence, both direct and indirect, to evaluate relative effects of different routes or doses of misoprostol 47, 48 . Statistical analysis was performed with STATA (version 12.0). We used a continuity correction for studies with no events by adding 0.5 to both the events count and the total sample size. We presented results as summary risk ratio (RR) for dichotomous data and the mean difference (MD) for continuous data, both with 95% confidence intervals (CIs). Inconsistency between direct and indirect sources of evidence was statistically assessed by calculation of the difference between direct and indirect estimates in all closed loops in the network. Random effects models were used to estimate the inconsistency. If there was no inconsistency between direct and indirect sources of evidence, fixed effects models would be used in further analysis, otherwise random effects models would still be used and sensitivity analyses would be performed to exclude studies with possibilities of causing bias in the close loops. A comparison-adjusted funnel plot was used to detect publication bias and small study effect. We estimated the ranking probabilities for all treatments of being at each possible rank for each intervention and the treatment hierarchy was summarized and presented as surface under the cumulative ranking curve 49 .
